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We present a detailed calculation on the B → K∗ transition form factors (TFFs), A0,1,2, V
and T1,2,3, within the QCD light-cone sum rules (LCSR). To suppress the contributions from high-
twist light-cone distribution amplitudes, we adopt a right-handed chiral correlator to do the LCSR
calculation. In the resultant LCSRs for the TFFs, the transverse leading-twist distribution am-
plitude φ⊥2;K∗ provides over 90% contribution, thus those TFFs provide good platforms for testing
the property of φ⊥2;K∗ . We suggest a model for φ
⊥
2;K∗ , in which two parameters B
⊥
2;K∗ and C
⊥
2;K∗
dominantly control its longitudinal distribution. With a proper choice of B⊥2;K∗ and C
⊥
2;K∗ , our
predictions on B → K∗ TFFs are consistent with those of lattice QCD predictions. As an appli-
cation, we also calculate the branching fraction of the B-meson rare decay B → K∗µ+µ−. The
predicted differential branching fraction dB/dq2(B → K∗µ+µ−) is consistent with the LHCb and
Belle measurements within errors. After integrating over the allowable q2-region, we get the branch-
ing fraction, B(B → K∗µ+µ−) =
(
1.088+0.261−0.205
)
× 10−6, where the errors are squared average of the
mentioned error sources. When the precision of experimental measurements or the other source of
theoretical uncertainties for this process have been further improved in the future, we may get a
definite conclusion on the behavior of φ⊥2;K∗ .
PACS numbers: 13.25.Hw, 11.55.Hx, 12.38.Aw
I. INTRODUCTION
The B-meson rare decays mediated by the penguin-
induced flavor-changing-neutral-current transition pro-
vide excellent platform for precision test of the standard
model (SM) and for probing new physics beyond the SM.
Those decays are always suppressed by the loop effects
and the Cabibbo-Kobayashi-Maskawa matrix elements,
thus, contributions from new interactions could be sig-
nificant and their effects to the decay rates could be ob-
servable.
Among those rare decay channels, the B-meson semi-
leptonic decay, B → K∗µ+µ− with K∗ → Kπ, arouses
people’s great interest. Its measurable quantities in-
clude the muon forward-backward asymmetry, the lon-
gitudinal polarization fraction, the differential and total
branching fractions, and etc.. Theoretically, those ob-
servables have been studied by using the effective Hamil-
tonian with or without new physics contributions to the
Wilson coefficients, cf.Refs.[1–17]. Experimentally, many
measurements have been done by the CDF collabora-
tion [18, 19], the BABAR collaboration [20], the Belle col-
laboration [21], the LHCb collaboration [22–27], the AT-
LAS collaboration [28], and the CMS collaboration [29].
More specifically, the Belle collaboration gives the to-
tal branching fraction B(B → K∗ℓ+ℓ−) = (1.07+0.11−0.10 ±
0.09)× 10−6 (ℓ = e, µ) [21] and the LHCb collaboration
gives B(B → K∗µ+µ−) = (1.16± 0.19)× 10−6 [22–24].
∗ wuxg@cqu.edu.cn
Before introducing any new physics, it is better to
have a more precise SM prediction. To achieve a precise
SM determination on the decay B → K∗µ+µ−, we are
facing the problem of determining the non-perturbative
hadronic matrix elements, or equivalently, the B → K∗
transition form factors (TFFs). There are totally seven
TFFs for the B → vector meson decays, which are main
error sources for the SM predictions. Table I shows
the relationships among the non-perturbative matrix el-
ements and the TFFs. As shall be shown latter, V is the
TFF defined via a vector current, A0,1,2 are the TFFs de-
fined via an axial-vector current, T1 is the TFF defined
via a tensor current, and T2,3 are the TFFs defined via
an axial-tensor current. In the literature, those B → K∗
TFFs have been studied under various frameworks, such
as the relativistic quark model [30, 31], the QCD light-
cone sum rules (LCSR) [32–37], or the lattice QCD [38–
40]. In the literature, it has also been suggested that one
can rearrange those TFFs into more convenient helicity
forms, simplifying the LCSR calculations [41, 42].
Matrix element TFFs Relevant decay(s)
〈V |q¯γµb|B〉
〈V |q¯γµγ5b|B〉
V
A0, A1, A2
}
B → (ρ/ω)ℓνℓ
B → K∗ℓ+ℓ−
〈V |q¯σµνqνb|B〉
〈V |q¯σµνγ5qνb|B〉
T1
T2, T3
}
B → K∗γ
B → K∗ℓ+ℓ−
TABLE I. The relations among the B → vector meson TFFs
to the matrix elements and their typical applications for the
B-meson semileptonic and radiative decays, where ℓ stands
for the light lepton e or µ.
2twist-2 twist-3 twist-4
δ0 φ⊥2;K∗ / /
δ1 φ
‖
2;K∗ φ
⊥
3;K∗ , ψ
⊥
3;K∗ , Φ
‖
3;K∗ , Φ˜
‖
3;K∗ /
δ2 / φ
‖
3;K∗ , ψ
‖
3;K∗ , Φ
⊥
3;K∗ φ
⊥
4;K∗ , ψ
⊥
4;K∗ , Ψ
⊥
4;K∗ , Ψ˜
⊥
4;K∗
δ3 / / φ
‖
4;K∗ , ψ
‖
4;K∗
TABLE II. Following the idea of Ref.[33], we write down the K∗-meson LCDAs with different twist-structures up to δ3-order,
where δ ≃ mK∗/mb.
The QCD LCSR is applicable to low and intermedi-
ate q2-region, which can be further extrapolated to all
allowable q2-region. The LCSR is based on the oper-
ator product expansion (OPE) near the light cone, its
non-perturbative dynamics can be parameterized into the
light-cone distribution amplitudes (LCDAs) with increas-
ing twists. A more precise LCSR prediction with less
theoretical uncertainties shall thus be helpful for a bet-
ter understanding of those TFFs and the B → K∗µ+µ−
decay. Several approaches have been adopted to study
the vector meson LCDAs, such as the ρ- and K∗-meson
LCDAs [32, 43–47]. The vector meson LCDAs have much
complex structures, and it is convenient to arrange them
via the parameter δ ≃ mK∗/mb ∼ 0.17. The relative
importance of those LCDAs to the TFFs can be counted
by different δ-powers. More specifically, at δ0-order, we
have φ⊥2;K∗ ; at δ
1-order, we have φ
‖
2;K∗ , φ
⊥
3;K∗ , ψ
⊥
3;K∗ ,
Φ
‖
3;K∗ , and Φ˜
‖
3;K∗ ; at δ
2-order, we have φ
‖
3;K∗ , ψ
‖
3;K∗ ,
Φ⊥3;K∗ , φ
⊥
4;K∗ , ψ
⊥
4;K∗ , Ψ
⊥
4;K∗ , and Ψ˜
⊥
4;K∗ ; at δ
3-order, we
have φ
‖
4;K∗ and ψ
‖
4;K∗ . Here, the subscripts 2, 3, 4 stand
for the twist-2, the twist-3 and the twist-4 LCDAs, re-
spectively. For convenience, we present those LCDAs fol-
lowing their δ-powers in Table II. At present, all the K∗-
meson LCDAs have not been confirmed, especially for the
twist-3 and twist-4 ones. Those high-twist LCDAs are
suppressed by δ1-order or higher, however they may pro-
vide sizable contribution to the LCSR. Thus, it is helpful
to find a proper way to suppress those uncertain sources
as much as possible so as to achieve a more precise LCSR
prediction.
In this paper, by using a proper choice of LCSR cor-
relator, we shall show that the contributions from the
higher-twist LCDAs can be highly suppressed or elimi-
nated; especially, all the contributions from the δ1-order
LCDAs are exactly eliminated. Thus, the precision of
the QCD LCSRs for B → K∗ TFFs can be greatly im-
proved. Those LCSRs can be inversely adopted as a good
platform for determining the properties of φ⊥2;K∗ ; e.g. by
using those LCSRs, we can fix φ⊥2;K∗ to a certain de-
gree via a comparison with the lattice QCD predictions
and/or a comparison of the experimental data on the
B → K∗µ+µ− decay.
The remaining parts of the paper are organized as fol-
lows. In Sec.II, we present the calculation technology for
the B → K∗ TFFs. In Sec.III, we present our numer-
ical results for the B → K∗ TFFs and the differential
branching fraction dB/dq2 for the B → K∗µ+µ− decay.
Sec.IV is reserved for a summary.
II. CALCULATION TECHNOLOGY
The B → K∗ TFFs, A0,1,2, V , T1,2,3 and T˜3 can be
defined via the follow way,
〈K∗(p, λ)|s¯γµ(1− γ5)b|B(p+ q)〉 = −ie∗(λ)µ (mB +mK∗)A1(q2) + i(e∗(λ) · q)
(2p+ q)µ
mB +mK∗
A2(q
2)
+iqµ(e
∗(λ) · q)2mK∗
q2
[
A3(q
2)−A0(q2)
]
+ ǫµναβe
∗(λ)νqαpβ
2V (q2)
mB +mK∗
, (1)
〈K∗(p, λ)|s¯σµνqν(1 + γ5)b|B(p+ q)〉 = 2iǫµναβe∗(λ)νqαpβT1(q2) + e∗(λ)µ (m2B −m2K∗)T2(q2)
−(2p+ q)µ(e∗(λ) · q)T˜3(q2) + qµ(e∗(λ) · q)T3(q2), (2)
where e(λ) stands for the K∗-meson polarization vec-
tor with λ being its transverse (⊥) or longitudinal (‖)
component, respectively. p is the K∗-meson momentum
3and q = pB − p is the momentum transfer between the
B-meson and the K∗-meson. There are some relations
among those TFFs, thus not all of them are independent,
i.e.
A3(q
2) =
mB +mK∗
2mK∗
A1(q
2)− mB −mK∗
2mK∗
A2(q
2), (3)
T3(q
2) =
m2B −m2K∗
q2
[T˜3(q
2)− T2(q2)]. (4)
And at the large recoil point q2 = 0, we have
A0(0) = A3(0) (5)
T1(0) = T2(0) = T˜3(0) = T (0) . (6)
To derive the LCSRs for those TFFs, we need to deal
with the following two correlators:
ΠIµ(p, q) =i
∫
d4xeiq·x〈K∗(p, λ)|T{s¯(x)γµ(1− γ5)b(x), j†B(0)}|0〉, (7)
ΠIIµ (p, q) =−i
∫
d4xeiq·x〈K∗(p, λ)|T{s¯(x)σµνqν(1 + γ5)b(x), j†B(0)}|0〉. (8)
A natural choice of the current j†B(x) is imbb¯(x)γ5q(x),
which has the same quantum state as that of the pseu-
doscalar B-meson with JP = 0−. Such a choice of cor-
relator shall result in a complex series of all the possible
K∗-meson twist-structures. For example, up to δ2-order,
all the LCDAs listed in Table II should be taken into
consideration in the final LCSRs [33]. At present, the
properties of the K∗-meson LCDAs have not been con-
firmed, especially for the high-twist LCDAs; it is thus
helpful to find a proper way to suppress those uncertain
sources as much as possible so as to achieve a more pre-
cise LCSR prediction. The LCSR derived with the help
of a chiral current [48, 49] can be adopted for such pur-
pose. That is, one can choose j†B(x) as a chiral current,
either imbb¯(x)(1 − γ5)q(x) or imbb¯(x)(1 + γ5)q(x), to do
the calculation. The advantage of such a choice lies in
that one can highlight the contributions from different
twists of K∗-meson LCDAs to the TFFs by selecting a
proper chiral current.
In the present paper, we shall adopt the chiral current
j†B(x) = imbb¯(x)(1 + γ5)q(x) to deal with the B → K∗
TFFs. It is noted that the hadronic representation of
this correlator contains not only the usual resonance with
JP = 0− but also the extra one with JP = 0+. This is
the price of introducing a chiral correlator for LCSR. But
it is worthwhile, since we can eliminate large uncertainty
from the twist-2 and twist-3 structures at the δ1-order
and we may also highly suppress the pollution from the
scalar resonances with JP = 0+ by a proper choice of
continuum threshold s0. More over, the J
P = 0+ scalar
state’s contribution, together with the quark-hadron du-
ality approximation, can be further suppressed by apply-
ing the Borel transformation. We shall show numerically
that the final LCSRs have slight s0 dependence, e.g. if
varying s0 from its central value by ±0.5GeV2, all the
TFFs shall be varied by less than five percent. Thus, in
the present paper, we shall not discuss the contributions
caused by the 0+ scalar state.
The correlators, Eqs.(7,8), are analytic q2-functions
defined at both the time-like and the space-like q2-region.
On the one hand, in the time-like q2-region, the long-
distance quark-gluon interactions become important and,
eventually, the quarks form hadrons. In this region, one
can insert a complete series of intermediate hadronic
states in the correlator and obtain its hadronic repre-
sentation by isolating the pole term of the lowest pseu-
doscalar B-meson:
ΠH(I)µ (p, q) = Π
H(I)
1 e
∗(λ)
µ +Π
H(I)
2 (e
∗(λ) · q)(2p+ q)µ +ΠH(I)3 (e∗(λ) · q)qµ + iΠH(I)4 ǫναβµ e∗(λ)ν qαpβ
=
〈K∗|s¯γµ(1 − γ5)b|B〉〈B|b¯imbγ5q1|0〉
m2B − (p+ q)2
+
∑
H
〈K∗|s¯γµ(1− γ5)b|BH〉〈BH|b¯imb(1 + γ5)q1|0〉
m2BH − (p+ q)2
, (9)
ΠH(II)µ (p, q) = iΠ
H(II)
1 ǫ
ναβ
µ e
∗(λ)
ν qαpβ +Π
H(II)
2 e
∗(λ)
µ −ΠH(II)3 (e∗(λ) · q)(2p+ q)µ +ΠH(II)4 (e∗(λ) · q)qµ
=
〈K∗|s¯σµνqν(1 + γ5)b|B〉〈B|b¯imbγ5q1|0〉
m2B − (p+ q)2
+
∑
H
〈K∗|s¯σµνqν(1 + γ5)b|BH〉〈BH|b¯imb(1 + γ5)q1|0〉
m2
BH
− (p+ q)2 , (10)
where 〈B|b¯imbγ5q1|0〉 = m2BfB with fB standing for
the B-meson decay constant. The invariant amplitudes
Π
H(I)
1,2,3,4 and Π
H(II)
1,2,3,4 are
Π
H(I)
1 [q
2, (p+ q)2] =
m2BfB(mB +mK∗)
m2B − (p+ q)2
A1(q
2)
+
∫ ∞
s0
ρ
H(I)
1
s− (p+ q)2 ds+ subtractions, (11)
4Π
H(I)
2 [q
2, (p+ q)2] =
m2BfBA2(q
2)
(mB +mK∗)[m2B − (p+ q)2]
+
∫ ∞
s0
ρ
H(I)
2
s− (p+ q)2 ds+ subtractions, (12)
Π
H(I)
3 [q
2, (p+ q)2] =
2m2BfBmK∗ [A3(q
2)−A0(q2)]
q2[m2B − (p+ q)2]
+
∫ ∞
s0
ρ
H(I)
3
s− (p+ q)2 ds+ subtractions, (13)
Π
H(I)
4 [q
2, (p+ q)2] =
2m2BfBV (q
2)
(mB +mK∗)[m2B − (p+ q)2]
+
∫ ∞
s0
ρ
H(I)
4
s− (p+ q)2 ds+ subtractions. (14)
Π
H(II)
1,3,4 [q
2, (p+ q)2] =
m2BfB
m2B − (p+ q)2
Ti(q
2)
+
∫ ∞
s0
ρ
H(II)
1,3,4
s− (p+ q)2 ds+ subtractions, (15)
Π
H(II)
2 [q
2, (p+ q)2] =
m2BfB(m
2
B −m2K∗)
m2B − (p+ q)2
T2(q
2)
+
∫ ∞
s0
ρ
H(II)
2
s− (p+ q)2 ds+ subtractions. (16)
For convenience, in Eq.(15), we have used the function
Ti(q
2) (i = 1, 3, 4) to stand for 2T1(q
2), T˜3(q
2) and
T3(q
2), respectively. Here we have replaced the contribu-
tions of the higher resonances and the continuum states
by the dispersion integrations. The continuum threshold
parameter s0 is set as the value near the squared mass of
the lowest scalar B-meson. The spectral densities ρ
H(I,II)
1,2,3,4
can be approximated by applying the conventional quark-
hadron duality ansatz
ρ
H(I,II)
1,2,3,4 = ρ
QCD(I,II)
1,2,3,4 θ(s− s0). (17)
On the other hand, in the space-like q2-region, the cor-
relator can be calculated by using the QCD OPE. In this
region, we have (p + q)2 −m2b ≪ 0 with the momentum
transfer q2 ∼ O(1 GeV2) ≪ m2b , which corresponds to
small light-cone distance x2  0 and ensures the validity
of OPE. The full b-quark propagator within the back-
ground field approach states
〈0|T{b(x)b¯(0)}|0〉 = i
∫
d4k
(2π)4
e−ik·x
6k +mb
m2b − k2
−igs
∫
d4k
(2π)4
e−ik·x
∫ 1
0
dvGµν (vx)
×
[
1
2
6k +mb
(m2b − k2)2
σµν +
v
m2b − k2
xµγν
]
, (18)
where Gµν is the gluonic field strength and gs denotes the
strong coupling constant. Using this b-quark propagator
and carrying out the OPE for the correlator, we obtain
the QCD expansion of Π
QCD(I,II)
µ with 2-particle and 3-
particle Fock states’ contributions,
ΠQCD(I)µ = mb
∫
d4xd4k
(2π)4
ei(q−k)·x
{
1
m2b − k2
{
2kµ〈K∗(p, λ)|s¯(x)q1(0)|0〉 − 2ikν〈K∗(p, λ)|s¯(x)σµνq1(0)|0〉
−ǫµναβkν〈K∗(p, λ)|s¯(x)σαβq1(0)|0〉
}
−
∫
dv
{
kν
(m2b − k2)2
[
− i〈K∗(p, λ)|s¯(x)gsGµν(vx)q1(0)|0〉
−2〈K∗(p, λ)|s¯(x)σµαgsGαν(vx)q1(0)|0〉+ 2i〈K∗(p, λ)|s¯(x)igsG˜µν(vx)γ5q1(0)|0〉
]
+
2vxα
m2b − k2
[−〈K∗(p, λ)|s¯(x)gsGµα(vx)q1(0)|0〉 − i〈K∗(p, λ)|s¯(x)σµβgsGαβ(vx)q1(0)|0〉]}}, (19)
ΠQCD(II)µ = im
2
b
∫
d4xd4k
(2π)4
ei(q−k)·x
{
qν
m2b − k2
[
2〈K∗(p, λ)|s¯(x)σµνq1(0)|0〉 − iǫµναβ〈K∗(p, λ)|s¯(x)σαβq1(0)|0〉
]
−
∫
dv
qν
(m2b − k2)2
[〈K∗(p, λ)|s¯(x)gGαβ(vx)σµνσαβq1(0)|0〉+ 〈K∗(p, λ)|s¯(x)gGαβ(vx)σµνγ5σαβq1(0)|0〉]
}
,(20)
where G˜µν(vx) = ǫµναβG
αβ(vx)/2. Up to twist-4 ac-
curacy, the non-zero meson-to-vacuum matrix elements
with various γ-structures, i.e. Γ = 1, iγ5 and σµν , can
be expanded as [50]:
5〈K∗(p, λ)|s¯(x)σµνq1(0)|0〉 = −if⊥K∗
∫ 1
0
dueiu(p·x)
{
(e∗(λ)µ pν − e∗(λ)ν pµ)
[
φ⊥2;K∗(u) +
m2K∗x
2
16
φ⊥4;K∗(u)
]
+(pµxν − pνxµ)e
∗(λ) · x
(p · x)2 m
2
K∗
[
φ
‖
3;K∗(u)−
1
2
φ⊥2;K∗(u)−
1
2
ψ⊥4;K∗(u)
]
+
1
2
(
e∗(λ)µ xν − e∗(λ)ν xµ
) m2K∗
p · x
[
ψ⊥4;K∗(u)− φ⊥2;K∗(u)
]}
, (21)
〈K∗(p, λ)|s¯(x)q1(0)|0〉 = − i
2
f⊥K∗
(
e∗(λ) · x
)
m2K∗
∫ 1
0
dueiu(p·x)ψ‖3;K∗(u), (22)
〈K∗(p, λ)|s¯(x)σαβgsGµν(vx)q1(0)|0〉 = m2K∗f⊥K∗
e∗(λ) · x
2(p · x)
[
pµ
(
pαg
⊥
βν − pβg⊥αν
)− pν (pαg⊥βµ − pβg⊥αµ)]
×Φ⊥3;K∗(v, p · x), (23)
〈K∗(p, λ)|s¯(x)gsGµν(vx)q1(0)|0〉 = −im2K∗f⊥K∗
[
e
∗(λ)
⊥µ pν − e∗(λ)⊥ν pµ
]
Ψ⊥4;K∗(v, p · x), (24)
〈K∗(p, λ)|s¯(x)igsG˜µν(vx)γ5q1(0)|0〉 = im2K∗f⊥K∗
[
e
∗(λ)
⊥µ pν − e∗(λ)⊥ν pµ
]
Ψ˜⊥4;K∗(v, p · x), (25)
where f⊥K∗ represents the K
∗-meson decay constant,
〈K∗(p, λ)|s¯(0)σµνq1(0)|0〉 = if⊥K∗(e(λ)ν pµ − e(λ)µ pν),
and we have set
g⊥µν = gµν −
pµxν + pνxµ
p · x ,
eλµ =
eλ · x
p · x
(
pµ − m
2
K∗
2(p · x)xµ
)
+ eλ⊥µ,
K(v, p · x) =
∫
Dαeipx(α1+vα3)K(α).
Here Dα = dα1dα2dα3δ(1 − α1 − α2 − α3) and K(α)
stands for the twist-3 or twist-4 DA Φ⊥3;K∗(α), Ψ
⊥
4;K∗(α)
or Ψ˜⊥4;K∗(α), in which α = {α1, α2, α3} corresponds to
the momentum fractions carried by the antiquark, quark
and gluon, respectively.
Then, by equating the correlators within different q2-
regions and by applying the conventional Borel transfor-
mation, we obtain the required LCSRs for the B → K∗
TFFs, i.e.
A1(q
2) =
mbm
2
K∗f
⊥
K∗
fBm2B(mB +mK∗)
{∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{ C
um2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u, µ) + Θ(c(u, s0))ψ
‖
3;K∗(u)−
1
4
×
[
m2bC
u3M4
˜˜
Θ(c(u, s0)) +
C − 2m2b
u2M2
Θ˜(c(u, s0))− 1
u
Θ(c(u, s0))
]
φ⊥4;K∗(u)− 2
[ C
u2M2
Θ˜(c(u, s0))− 1
u
×Θ(c(u, s0))
]
IL(u)−
[
2m2b
uM2
Θ˜(c(u, s0)) + Θ(c(u, s0))
]
H3(u)
}
+
∫
Dαi
∫ 1
0
dve
m
2
B
−s(X)
M2
[ C
2X3M2
− 1
2X2
]
Θ(c(X, s0))
[
(4v − 1)Ψ⊥4;K∗(α)− Ψ˜⊥4;K∗(α)
]}
, (26)
A2(q
2) =
mb(mB +mK∗)m
2
K∗f
⊥
K∗
fBm2B
{∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
1
m2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u, µ)−
1
M2
Θ˜(c(u, s0))ψ
‖
3;K∗(u)
−1
4
[
m2b
u2M4
˜˜
Θ(c(u, s0)) +
1
uM2
Θ˜(c(u, s0))
]
φ⊥4;K∗(u) + 2
[C − 2m2b
u2M4
˜˜
Θ(c(u, s0))− 1
uM2
Θ˜(c(u, s0))
]
×IL(u)− 1
M2
Θ˜(c(u, s0))H3(u)
}
+
∫
Dαi
∫ 1
0
dve
m
2
B
−s(X)
M2
1
2X2M2
Θ(c(X, s0))
[
(4v − 1)Ψ⊥4;K∗(α)
−Ψ˜⊥4;K∗(α) + 4vΦ⊥3;K∗(α)
]}
, (27)
6V (q2) =
mb(mB +mK∗)f
⊥
K∗
fBm2B
∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
Θ(c(u, s0))φ
⊥
2;K∗(u, µ)−
m2K∗
4
[
m2b
u2M4
˜˜
Θ(c(u, s0)) +
1
uM2
×Θ˜(c(u, s0))
]
φ⊥4;K∗(u)
}
, (28)
A3(q
2)−A0(q2) = mbmK
∗f⊥K∗q
2
2fBm2B
{∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
− 1
m2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u, µ)−
2− u
uM2
Θ˜(c(u, s0))
×ψ‖3;K∗(u) +
1
4
[
m2b
u2M4
˜˜
Θ(c(u, s0)) +
1
uM2
Θ˜(c(u, s0))
]
φ⊥4;K∗(u) +
[
(4− 2u)
[ C
u3M4
˜˜
Θ(c(u, s0))
− 2
u2M2
Θ˜(c(u, s0))
]
+ 2
(
2m2b
u2M4
˜˜
Θ(c(u, s0)) +
1
uM2
Θ˜(c(u, s0))
)]
IL(u)− 2− u
uM2
Θ˜(c(u, s0))H3(u)
}
−
∫
Dαi
∫ 1
0
dve
m
2
B
−s(X)
M2
1
2X2M2
Θ(c(X, s0))
[
(4v − 1)Ψ⊥4;K∗(α)− Ψ˜⊥4;K∗(α) + 4vΦ⊥3;K∗(α)
]}
, (29)
T1(q
2) =
m2bm
2
K∗f
⊥
K∗
m2BfB
{∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
1
m2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u, µ)−
m2b
4u2M4
˜˜
Θ(c(u, s0))φ
⊥
4;K∗(u)−
2
uM2
×Θ˜(c(u, s0))IL(u)− 1
M2
Θ˜(c(u, s0))H3(u)
}
+
∫
Dαi
∫ 1
0
dve
m
2
B
−s(X)
M2
5
4X2M2
Θ˜(c(X, s0))Ψ
⊥
4;K∗(α)
}
,(30)
T2(q
2) =
m2bf
⊥
K∗m
2
K∗
m2BfB
∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
1−H
m2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u, µ)−
m2b
4u2M4
(1 −H) ˜˜Θ(c(u, s0))φ⊥4;K∗(u)
−2(1−H)
uM2
Θ˜(c(u, s0))IL(u)− 1
M2
[
1 +
(
2
u
− 1
)
H
]
Θ˜(c(u, s0))H3(u)
}
, (31)
T˜3(q
2) =
m2bf
⊥
K∗m
2
K∗
m2BfB
∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
1
m2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u)−
m2b
4u2M4
˜˜
Θ(c(u, s0))φ
⊥
4;K∗(u)− 2
[
1
uM2
×Θ˜(c(u, s0)) + 2q
2
u2M4
˜˜
Θ(c(u, s0))
]
IL(u)− 1
M2
Θ˜(c(u, s0))H3(u)
}
, (32)
T3(q
2) =
m2bf
⊥
K∗m
2
K∗
m2BfB
∫ 1
0
du
u
e
m
2
B
−s(u)
M2
{
1
m2K∗
Θ(c(u, s0))φ
⊥
2;K∗(u, µ)−
m2b
4u2M4
˜˜
Θ(c(u, s0))φ
⊥
4;K∗(u)−
[
2
uM2
×Θ˜(c(u, s0)) + 4
u2M4
˜˜
Θ(c(u, s0))(m
2
B −m2K∗)
]
IL(u) +
[
2
uM2
− 1
M2
]
Θ˜(c(u, s0))H3(u)
}
, (33)
where H = q2/(m2B −m2K∗) and C = m2b + u2m2K∗ − q2.
s(̺) = [m2b − ¯̺(q2− ̺m2K∗)]/̺ (̺ = u,X) with ¯̺ = 1− ̺,
X = a1 + a3. c(̺, s0) = ̺s0 − m2b + ¯̺q2 − ̺ ¯̺m2K∗ .
Θ(c(̺, s0)) is the usual step function, Θ˜(c(̺, s0)) and˜˜
Θ(c(̺, s0)) are defined via the integration
∫ 1
0
du
u2M2
e−s(u)/M
2
Θ˜(c(u, s0))f(u)
=
∫ 1
u0
du
u2M2
e−s(u)/M
2
f(u) + δ(c(u0, s0)) , (34)
∫ 1
0
du
2u3M4
e−s(u)/M
2 ˜˜
Θ(c(u, s0))f(u)
=
∫ 1
u0
du
2u3M4
e−s(u)/M
2
f(u) + ∆(c(u0, s0)) . (35)
The surface terms δ(c(u0, s0)) and ∆(c(u0, s0)) for the
2-particle DAs are
δ(c(u, s0)) = e
−s0/M2 f(u0)
C0 ,
∆(c(u, s0)) = e
−s0/M2
[
1
2u0M2
f(u0)
C0
− u
2
0
2C0
d
du
(
f(u)
uC
)∣∣∣∣
u=u0
]
,
7where C0 = m2b + u20m2K∗ − q2 and u0 is the solution of
c(u0, s0) = 0 with 0 ≤ u0 ≤ 1. There are also surface
terms for the 3-particle DAs, however their contributions
are quite small and can be safely neglected. The simpli-
fied functions IL(u) and H3(u) are defined as
IL(u) =
∫ u
0
dv
∫ v
0
dw
[
φ
‖
3;K∗(w)−
1
2
φ⊥2;K∗(w, µ)
−1
2
ψ⊥4;K∗(w)
]
,
H3(u) =
∫ u
0
dv
[
ψ⊥4;K∗(v)− φ⊥2;K∗(v, µ)
]
. (36)
III. NUMERICAL RESULTS AND DISCUSSION
A. Basic input
In doing the numerical calculations, we take the K∗-
meson decay constant f⊥K∗ = 0.185(9) GeV [50], the
b-quark pole mass mb = 4.80 ± 0.05 GeV, the K∗-
meson mass mK∗ = 0.892GeV, the B-meson mass mB =
5.279 GeV [51], and the B-meson decay constant fB =
0.160 ± 0.019GeV [43]. The factorization scale µ is
set as the typical momentum transfer of B → K∗, i.e.
µ ≃ (m2B −m2b)1/2 ∼ 2.2 GeV, and its error is estimated
by taking ∆µ = ±1.0 GeV [33]. Such a prediction over
the scale changes gives us some idea on the magnitude
of the uncalculated next-to-leading order contributions,
even though it only predicts part of high-order contribu-
tions [52].
As shall be shown latter, the dominant contributions
to the TFFs, e.g. Eqs.(26–33), are from the trans-
verse leading-twist LCDA φ⊥2;K∗ . The chiral-even LCDAs
φ
‖
2;K∗ , φ
⊥
3;K∗ , ψ
⊥
3;K∗ , Φ
‖
3;K∗ and Φ˜
⊥
3;K∗ , which are at the
δ1-order, provide zero contributions; and all non-zero
twist-3 and twist-4 LCDAs, which are at the δ2-order,
can only provide less than 10% contribution to the total
LCSRs. Thus, theoretical uncertainties caused by dif-
ferent choices of the high-twist LCDAs are highly sup-
pressed. For clarity, we take those high-twist LCDAs to
be the ones suggested in Ref.[50]. The dominant K∗-
meson transverse leading-twist LCDA φ⊥2;K∗ can be de-
rived from its light-cone wavefunction (LCWF), which
are related via the relation
φ⊥2;K∗(x, µ0) =
2
√
3
f˜⊥K∗
∫
|k⊥|2≤µ20
dk⊥
16π3
ψ⊥2;K∗(x,k⊥), (37)
where f˜⊥K∗ = f
⊥
K∗/C⊥K∗ is the reduced vector decay con-
stant with C⊥K∗ =
√
3.
Following the idea of Ref.[53], one can separate the
K∗-meson LCWF into radial part and spin-space part
accordingly, and we call it the WH model for short. The
radial part ψR2;K∗ can be constructed from the Brodsky-
Huang-Lepage prescription [54], and the spin-space part
χh1h2K∗ (x,k⊥) is from the Wigner-Melosh rotation [55].
More specifically, the K∗ meson WH LCWF states
ψ⊥2;K∗(x,k⊥) =
∑
h1h2
χh1h2K∗ (x,k⊥)ψ
R
2;K∗(x,k⊥), (38)
where
ψR2;K∗ ∝ [1 +B⊥2;K∗C3/21 (ξ) + C⊥2;K∗C3/22 (ξ)]
× exp
[
−b⊥22;K∗
(
k2⊥ +m
2
s
x
+
k2⊥ +m
2
q
x¯
)]
,(39)
where C
3/2
1,2 are Gegenbauer polynomials, ξ = 2x − 1, x
stands for the s-quark momentum fraction of the meson
and x¯ = 1 − x stands for that of the light-quark q. ms
is the s-quark mass and mq is the light-quark mass. The
spin-space wavefunction
χh1h2K∗ (x,k⊥) =
x¯ms + xmq√
k2⊥ + (x¯ms + xmq)2
. (40)
Then, one can get the WH-DA
φ⊥2;K∗(x, µ0) =
A⊥2;K∗
√
3xx¯Y
8π3/2f˜⊥K∗b
⊥
2;K∗
[1 +B⊥2;K∗C
3/2
1 (ξ)
+ C⊥2;K∗C
3/2
2 (ξ)] exp
[
−b⊥22;K∗
x¯m2s + xm
2
q −Y2
xx¯
]
×
[
Erf
(
b⊥2;K∗
√
µ20 +Y
2
xx¯
)
− Erf
(
b⊥2;K∗
√
Y2
xx¯
)]
,
(41)
where Erf(x) = 2√
pi
∫ x
0 e
−t2dt, Y = x¯ms + xmq and the
constituent quark mass mq ≃ 300 MeV and ms ≃ 450
MeV. In addition to the normalization condition, the av-
erage value of the squared transverse momentum can be
regarded as another constraint, which is defined as
〈k2⊥〉1/22;K∗ =
∫
dxd2k⊥|k⊥|2|ψ⊥2;K∗(x,k⊥)|2∫
dxd2k⊥|ψ⊥2;K∗(x,k⊥)|2
. (42)
Here, the value of 〈k2⊥〉1/22;K∗ ∼ 0.37GeV2 [53].
Conventionally, the light meson’s transverse leading-
twist LCDA can be expanded as a series of Gegenbauer
polynomials. The Gegenbauer moments a⊥n at the initial
scale µ0 can be calculated via the formula
a⊥n (µ
2
0) =
∫ 1
0
dx φ⊥2;K∗(x, µ
2
0)C
3/2
n (ξ)∫ 1
0
dx 6xx¯[C
3/2
n (ξ)]2
, (43)
where µ0 ∼ 1 GeV stands for some initial scale. To next-
to-leading order accuracy, the scale dependence of the
Gegenbauer moments a⊥n can be written as [56]
a⊥NLOn (µ
2) = a⊥n (µ
2
0)E
NLO
n
+
αs(µ
2)
4π
n−2∑
k=0
ak(µ
2
0)L
γ
(0)
k
/(2β0) d
(1)
nk (44)
8a⊥1 a
⊥
2 B
⊥
2;K∗ C
⊥
2;K∗ A
⊥
2;K∗ b
⊥
2;K∗
0.04 0.10 0.0038 0.135 30.61 0.625
0.01 0.10 −0.027 0.138 30.81 0.626
0.07 0.10 0.036 0.132 30.39 0.623
0.04 0.02 0.008 0.056 32.55 0.648
0.04 0.18 −0.003 0.214 28.53 0.599
TABLE III. The K∗-meson transverse leading-twist LCDA
parameters A⊥2;K∗ and b
⊥
2;K∗ under some typical choices of
a⊥1,2 at initial scale µ0 = 1GeV.
where
ENLOn = L
γ(0)
n
/(2β0) ×{
1 +
γ
(1)
n β0 − γ(0)n β1
8πβ20
[
αs(µ
2)− αs(µ20)
]}
(45)
with L = αs(µ
2)/αs(µ
2
0), β0 = 11 − 2nf/3 and β1 =
102 − 38nf/3. γ(0),(1)n are anomalous dimensions [56].
The one-loop anomalous dimension γ⊥K∗ = 8CF [ψ(n +
2) + γE − 3/4] with ψ(n+ 1) =
∑n
k=1 1/k − γE .
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FIG. 1. The WH-DA model under the condition of a⊥1 ∈
[0.01, 0.07] and a⊥2 ∈ [0.02, 0.18].
The WH-model has four undetermined parameters
A⊥2;K∗ , b
⊥
2;K∗ , B
⊥
2;K∗ and C
⊥
2;K∗ . In addition to the
normalization condition and the squared transverse mo-
mentum 〈k2⊥〉1/22;K∗ , we shall adopt the values of the
first two Gegenbauer moments a⊥1 (1GeV) = 0.04(3) and
a⊥2 (1GeV) = 0.10(8) [50] as further criteria. The cor-
responding values are listed in Table III. Qualitatively,
the parameter B⊥2;K∗ dominants the K
∗-meson SUf (3)-
breaking effect, a larger |B⊥2;K∗ | indicates a larger break-
ing effect; the parameter C⊥2;K∗ dominants the shape of
the LCDA, a larger C⊥2;K∗ indicates a double-peak behav-
ior and a smaller one tends to a single-peaked behavior.
In addition to the WH-DA model, there are other
φ⊥2;K∗ models which have also been suggested in the
literature. Following the standard Gegenbauer expan-
sion, it has been suggested by Ball and Braun (we call
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AdS/QCD-DA
WH-DA
FIG. 2. A comparison of φ⊥2;K∗(x, µ0 = 1GeV) under various
models. For the WH-DA model and the BB-DA model, we
take a⊥1 = 0.04 and a
⊥
2 = 0.10.
it the BB-DA model) [50], a⊥1 (1GeV) = 0.04(3) and
a⊥2 (1GeV) = 0.10(8). Another typical model based on
the AdS/QCD theory has been suggested in Refs.[57, 58],
we call it the AdS/QCD-DA model. We put the twist-2
LCDA φ⊥2;K∗(x, µ0) in Fig. 2, in which the WH-DA, BB-
DA and AdS/QCD-DA models are presented as a com-
parison. The small asymmetries of those LCDAs indicate
small K∗-meson SUf (3)-breaking effects. If we have pre-
cise measurements for the processes involving K∗-meson,
the φ⊥2;K∗ behavior can be determine by comparing the-
oretical predictions with the data.
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FIG. 3. The φ⊥2;K∗(x,µ0 = 1GeV) by setting 〈k
2
⊥〉
1/2
2;K∗ =
0.37± 0.02, where a⊥1 = 0.04 and a
⊥
2 = 0.10.
We make a simple discussion of how the value of
〈k2⊥〉1/22;K∗ affects the LCDA behavior. For the purpose,
we set 〈k2⊥〉1/22;K∗ = 0.37± 0.02GeV2. The results are pre-
sented in Fig. 3. It indicates that the LCDA depends
slightly on the choice of 〈k2⊥〉1/22;K∗ . Such a small effect
shall further brings small uncertainty to the TFFs. For
example, at large recoil region q2 = 0, it only brings
about less than ∼ 1% contributions to the TFFs. Thus
in the following, we shall fix 〈k2⊥〉1/22;K∗ = 0.37GeV2.
9B. The B → K∗ TFFs at low q2-region
sA10 M
2
A1
sA20 M
2
A2
s
A3−0
0 M
2
A3−0
34.9(5) 8.3(5) 32.5(5) 7.7(5) 35.5(5) 7.5(5)
sV0 M
2
V s
T1
0 M
2
T1
sT30 M
2
T3
35.9(5) 11.6(5) 37.2(5) 13.2(5) 34.2(5) 9.7(5)
TABLE IV. The determined B → K∗ continuum threshold s0
and the Borel parameter M2 at the large recoil point for the
WH-DA model. The central values are for mb = 4.80 GeV.
We adopt the following criteria to set the LCSR pa-
rameters, such as the Borel window and s0, for the
B → K∗ TFFs. First, we require the continuum con-
tribution to be less than 30% of the total LCSR. Second,
we require all high-twist DAs’ contributions to be less
than 15% of the total LCSR. Third, the derivatives of
the LCSRs Eqs.(26–33) with respect to (−1/M2) pro-
vide the LCSRs for mB. To be self-consistent, we re-
quire all the predicted B-meson masses from those LC-
SRs to be full-filled in comparing with the experimen-
tal one, e.g. |mLCSRB −mexpB |/mexpB ≤ 0.1%. The de-
termined continuum threshold s0 and the Borel param-
eter M2 for the B → K∗ TFFs at the large recoil point
q2 = 0 are presented in Table IV. Numerically we have
found that the uncertainties caused by different choices
of s0 are small for all the TFFs, which are less than
5%. More explicitly, by varying s0 from its central value
by ±0.5GeV2, we obtain A1(0) = 0.290 ± 0.009 GeV,
A2(0) = 0.257
+0.014
−0.012 GeV, V (0) = 0.372 ± 0.011 GeV,
T1(0) = T2(0) = T˜3(0) = 0.351
+0.007
−0.009 GeV, and T3 =
0.236+0.010−0.005 GeV.
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FIG. 4. The TFF A1(0) versus the Borel parameter M
2.
In the literature, the flatness of the TFF is sometimes
adopted as a criterion to set the Borel window of the
sum rules, cf. a review on the QCD sum rules [59]. As
a reference, we take the TFF A1(0) as an example to
show how the TFF changes with variation of M2. The
conditions for other TFFs are similar. We preset the
WH BZ [33] LCSR [35] AdS [46]
A1 0.290
+0.029
−0.031 0.292 ± 0.028 0.25
+0.16
−0.10 0.249
A2 0.257
+0.037
−0.042 0.259 ± 0.027 0.23
+0.19
−0.10 0.235
A0 0.372
+0.143
−0.141 0.374 ± 0.034 0.29
+0.10
−0.07 0.285
V 0.411+0.043−0.045 0.411 ± 0.033 0.36
+0.23
−0.12 0.277
T1[T2, T˜3] 0.351
+0.036
−0.035 0.333 ± 0.028 0.31
+0.18
−0.10 0.255
T3 0.236
+0.032
−0.033 0.202 ± 0.018 0.22
+0.17
−0.10 0.155
TABLE V. The B → K∗ TFFs at the large recoil point Fi(0),
where the errors are squared average of all mentioned error
sources. As a comparison, the results derived by Ball and
Zwicky (BZ) [33], the AdS/QCD [46] predictions, and the
LCSR predictions [35] are also presented.
TFF A1(0) versus M
2 in Fig. 4. Fig.(4) indicates that
A1(0) is almost unchanged within the allowable Borel
window M2 = 8.3± 0.5, then our present predictions are
consistent with the flatness criterion.
µ 1.2GeV 2.2GeV 3.2GeV
A1 0.294 0.290 0.290
A2 0.264 0.257 0.257
V 0.416 0.411 0.411
A0 0.386 0.372 0.372
T1[T2, T˜3] 0.355 0.351 0.351
T3 0.241 0.236 0.236
TABLE VI. The B → K∗ TFFs at large recoil point Fi(0) for
different choice of scale, i.e. µ = (2.2± 1.0) GeV.
We present the B → K∗ TFFs at large recoil point
q2 = 0 in Table V, where, as a comparison, we also
give the predictions by Ball and Zwicky (BZ) [33], the
AdS/QCD predictions by Ref.[46] and the LCSR pre-
dictions by Ref.[35]. For the WH model, the errors are
squared averages of all the above mentioned error sources.
To have a clear look at the factorization scale depen-
dence, in Table VI, we list the B → K∗ TFFs at large
recoil point under the choice of µ = (2.2 ± 1.0) GeV.
To be consistent, the LCDAs shall be run to different
scales via the usual one-loop QCD evolution equation.
Table VI shows that the factorization scale dependence
is small (the TFFs are almost unchanged when µ > 2.2
GeV), which are less than 4% for all the B → K∗ TFFs.
Table V shows that even though, we have taken differ-
ent correlators to do the LCSR calculation in compari-
son to that of Ref.[33], the central values of our present
LCSRs agree with those of Ref.[33] under the choice of
similar twist-2 LCDA φ⊥2;K∗ . This agreement could be
treated as a cross check of different LCSR calculations.
It is noted that our present theoretical uncertainties are
somewhat larger than those of Ref.[33]. This is reason-
able, since by using the fixed higher-twist LCDAs 1, the
1 A rough discussion on the uncertainties of higher-twist LCDAs
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largest errors of those LCSRs are from the leading-twist
LCDA φ⊥2;K∗ , while our present LCSRs in effect amplify
such errors. In fact, the higher-twist LCDAs at δ1-order
are mostly uncertain, and their errors shall potentially
provide large uncertainties to the LCSRs derived by us-
ing the usual current imbb¯(x)γ5q(x). On the other hand,
by using the chiral correlators, as shown by Eqs.(7, 8),
those high-twist LCDAs’ contributions are greatly sup-
pressed, then the accuracy of the LCSRs can be greatly
improved. For example, we find that the contributions
from the twist-3 LCDA Φ
‖
3;K∗ and the twist-4 LCDA
Ψ⊥4;K∗ provide less than 0.1% of the total LCSRs, thus
their own uncertainties are highly suppressed. Because
of the suppression of the most uncertain high-twist con-
tributions, our present LCSRs provide a good platform
for determining the accurate behavior of φ⊥2;K∗ .
As a final remark, to have a clear look at how the
twist-2 LCDA φ⊥2;K∗ affects the TFFs, we calculate the
LCSRs (26–33) under three different models for φ⊥2;K∗ ,
i.e. the WH-DA, the BB-DA and the AdS/QCD-DA. All
other inputs are taken to be the same. The results are
presented in Figs.(5, 6). The shapes of the TFFs for the
WH-DA and BB-DA are close to each other, while the
ones of the AdS/QCD-DA are quite different. This is
reasonable, since the WH-DA and the BB-DA have the
same Gegenbauer moments.
C. An extrapolation of the TFFs to high q2-region
A1 A2 V A0 T1 T2 T3
ai1 0.988 −0.456 −0.644 −0.523 −0.461 1.578 −0.244
ai2 0.432 −5.048 −1.140 1.370 −0.692 1.590 −3.130
∆ 0.07 0.35 0.04 0.48 0.04 0.22 0.10
TABLE VII. The fitted parameters ai1,2 for the B → K
∗
TFFs Fi, in which all the LCSR parameters are set to be
their central values. ∆ is the quality of fit.
In principal, the LCSRs for the B → K∗ TFFs are
applicable in small and intermediate q2-region, e.g. 0 ≤
q2 ≤ 14GeV2. In order to facilitate the applicability of
the obtained LCSRs, as suggested by Refs. [35, 60], we
perform fits of the full analytical result to a simplified
series expansion, which is based on a rapidly converging
series over the parameter
z(t) =
√
t+ − t−√t+ − t0√
t+ − t+√t+ − t0 , (46)
where t± = (mB ±mV )2 and t0 = t+(1 −
√
1− t−/t+).
Then we expand the form factors as
Fi(q
2) =
1
1− q2/m2R,i
∑
k=0,1,2
aik[z(q
2)− z(0)]k, (47)
where Fi stands for the TFFs A0,1,2, V or T1,2,3, re-
spectively. The values of the resonance masses mR,i
can be found in Ref. [61]. The coefficients ai0 is defined
as Fi(0). Then the first term of the expansion (47) is
the usually adopted single-pole extrapolation formulae,
Fi(q
2) = Fi(0)/(1− q2/m2R,i). The parameters ai1 and ai2
are determined by requiring the “quality” of fit (∆) to
be less than one [33, 43]. Here ∆ is defined as
∆ =
∑
t
∣∣Fi(t)− F fiti (t)∣∣∑
t |Fi(t)|
× 100, (48)
where t ∈ [0, 12 , · · · , 272 , 14]GeV2. As an illustration, we
put the values of the fitting parameters ai1,2 in Table VII,
in which all the LCSR parameters are set to be their
central values.
We put the extrapolated B → K∗ TFFs A0,1,2(q2),
V (q2) and T1,2,3(q
2) in Figs.(7, 8), in which the available
lattice QCD predictions [40] and the AdS/QCD predic-
tions [46] are also included as a comparison. The shaded
band in Figs.(7, 8) stands for the squared average of the
uncertainties from ai1,2, and the choices of µ, s0 and M
2.
Figs.(7, 8) show that all the TFFs are in good agreement
with the lattice predictions within errors, except for the
two TFFs A1 and T2.
D. The branching fraction of B → K∗µ+µ−
As an application, we apply the extrapolated B → K∗
TFFs to study the branching fraction of the dileptonic
decayB → K∗µ+µ−. This decay is very useful for precise
tests of the standard model and for probing new physics
beyond standard model. Its differential branching frac-
tion can be written as [62]
has been given in Ref.[33].
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FIG. 5. A comparison of LCSRs of the TFFs A0,1,2(q
2) and V (q2) under different choice of φ⊥2;K∗ .
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FIG. 6. A comparison of LCSRs of the TFFs T1,2,3(q
2) and T˜3 under different choice of φ
⊥
2;K∗ .
dB
dq2
= τB
G2Fα
2
213π5
|VtbV ∗ts|2
√
λv
3mB
{
(2m2µ +m
2
Bs)
[
16(|A|2 + |C|2)m4Bλ+ 2(|B1|2 + |D1|2)
×λ+ 12rs
rs
+ 2(|B2|2 + |D2|2)m
4
Bλ
2
rs
− 4[ℜe(B1B∗2) + ℜe(D1D∗2)]
m2Bλ
rs
(1− r − s)
]
+6m2µ
[
− 16|C|2m4Bλ+ 4ℜe(D1D∗3)
m2Bλ
r
− 4ℜe(D2D∗3)
m4B(1− r)λ
r
+ 2|D3|2m
4
Bsλ
r
−4ℜe(D1D∗2)
m2Bλ
r
− 24|D1|2 + 2|D2|2m
4
Bλ
r
(2 + 2r − s)
]}
(49)
where r = m2K∗/m
2
B, s = q
2/m2B, and the phase-space
factor λ = 1+ r2+ s2− 2r− 2s− 2rs. The muon velocity
v = (1 − 4m2µ/q2)1/2, where mµ is muon mass. τB is
the average lifetime of those of B0- and B+-mesons [51].
The coefficients A, B1,2, C and D1,2,3 are functions of
B → K∗ TFFs and the Wilson coefficients, whose ex-
plicit forms can be read from Ref.[62]. At the low and
high q2-region, we may need more effects to achieve a re-
liable prediction [63, 64]. Especially the next-to-leading
order QCD corrections to the matrix elements of current-
current operators improve the values of the Wilson coef-
ficients and can enhance the rate at high q2 to a certain
degree [64]. Here, to concentrate our attention on the
effects of the B → K∗ TFFs, we shall directly adopt
Eq.(49) to do our analysis without considering those sub-
tle points.
Our predictions for the differential branching fraction
ofB → K∗µ+µ− are presented in Fig. 9, where the LHCb
data [22–24] and the AdS/QCD prediction [46] are in-
cluded as a comparison. For the LHCb data, we have
adopted the weighted average of the branching fractions
for B+ → K∗+µ+µ− [22, 23] and B0 → K∗0µ+µ− [24].
Experimentally, the charged K∗+ and the neutral K∗0
can be separated, then one can distinguish those two
decay channels. As a useful reference, we also present
the differential branching fraction for B0 → K∗0µ+µ−
in Fig. 10, which has been measured by the LHCb, the
BABAR, the Belle and the CDF collaborations [18, 21,
24, 65]. In those two figures, the shaded bands are theo-
retical uncertainties. They show our present predictions
are consistent with the LHCb data within errors, espe-
cially for larger q2-region, q2 > 2GeV2.
By integrating the differential branching fraction
Eq.(49) over all allowable q2-region, we obtain
B = (1.088+0.261−0.205)× 10−6, (50)
where the errors are squared averages of the errors
caused by varying s0, M
2, mb, and µ within the deter-
mined/adopted ranges shown in Sec.III.A and by tak-
ing the B-meson lifetimes τ(B0) = 1.519± 0.005 ps and
τ(B±) = 1.638 ± 0.004ps [51] 2. It is found that the
2 Here, we adopt the central values for all the Wilson coefficients
within the SM [12] to do the calculation, and the uncertainties
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FIG. 7. The extrapolated B → K∗ axial-vector and vector TFFs A0,1,2(q
2) and V (q2). As a comparison, the lattice QCD [40]
and AdS/QCD [46] predictions are also presented.
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FIG. 9. The differential branching fraction dB/dq2(B →
K∗µ+µ−) as a function of q2 under WH-DA model, which
the theoretical uncertainties are included. The Belle data [21],
the LHCb data [22–24], and the AdS/QCD prediction [46] are
included as a comparison.
predicted total branching fraction shows a better agree-
ment with the LHCb measurements [22–24], which also
agrees with a pQCD prediction by including the O(αs)
and ΛQCD/mb corrections, i.e. B(B → K∗µ+µ−) =
(1.19 ± 0.39) × 10−6 [66]. Apart from the TFFs, there
are many other sources of theoretical uncertainties for
this process which are still in progress, cf.Refs.[67–73].
of them have not been taken into consideration.
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FIG. 10. The differential branching fraction dB/dq2(B0 →
K∗0µ+µ−) as a function of q2. The LHCb data [24], the
BABAR data [65], the Belle data [21], and the CDF data [18]
are included as a comparison.
When the precision of those sources have been improved
in the future, we may finally get a definite conclusion on
the K∗-meson transverse leading-twist LCDA φ⊥2;K∗ .
IV. SUMMARY
We have recalculated the B → K∗ TFFs by using
the chiral LCSR approach and by taking the K∗ meson
SUf (3)-breaking effect into consideration.
By taking the chiral correlator to do the LCSR cal-
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culation, it has been found that the contributions from
the mostly uncertain high-twist LCDAs can be greatly
suppressed. As required, the LCSRs (26–33) show that
the chiral-even LCDAs φ
‖
2;K∗ , φ
⊥
3;K∗ , ψ
⊥
3;K∗ , Φ
‖
3;K∗ and
Φ˜⊥3;K∗ provide zero contributions to the LCSRs; all the
remaining non-zero twist-3 and twist-4 LCDAs are δ2-
suppressed and can only provide less than 10% contri-
butions to the LCSRs. Thus more accurate LCSRs for
the B → K∗ TFFs have been achieved, which inversely
provide good platforms for testing the properties of the
transverse leading-twist LCDA φ⊥2;K∗ .
To compare with the lattice QCD predictions on the
B → K∗ TFFs, we have suggested a convenient model
(41) for φ⊥2;K∗ , in which two parameters B
⊥
2;K∗ and C
⊥
2;K∗
dominantly control its longitudinal behavior. By com-
paring with the lattice QCD predictions, we observe that
apart from A1 and T2, other TFFs show good agreement
with the lattice QCD prediction, especially for the A0,
V , T1, and T3. The twist-2 LCDA φ
⊥
2;K∗ has a small
asymmetry due to the K∗-meson SUf (3)-breaking effect,
which is controlled by the parameter B⊥2;K∗ . In this pa-
per, the central value of B⊥2;K∗ = 0.0038 indicates a small
asymmetry. Meanwhile, the parameter C⊥2;K∗ controls
the shape of WH-DA, determining wether it is double-
peak or single-peak. A smaller C⊥2;K∗ indicates a single-
peak behavior and a larger one indicates a double-peak
behavior. At present, the lattice QCD predictions are of
large errors, and a more accurate lattice prediction shall
lead to a better constraint on φ⊥2;K∗ .
As an application of the obtained B → K∗ TFFs,
we have further predicted the differential branching
fraction of the decay B → K∗µ+µ−. The predicted
branching fractions are consistent with the LHCb and
the Belle measurements within errors, especially for the
intermediate and large q2-region, q2 > 2GeV2. After
integrating the differential branching fraction (49) over
all allowable q2-region, the integrated branching fraction
B(B → K∗µ+µ−) also shows a better agreement with
the LHCb measurements [22–24] within errors.
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